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travel time due to the elimination of congestion points that are present with the highway 
network for the No-Project and HST Alternatives. 

The methodology for estimating the auto travel times for the Modal Alternative uses the 
Bureau of Public Roads (BPR) Volume Delay Function (VDF) curves, and results in an inter-
county travel time for the Modal Alternative that is expressed in relation to the travel time 
for the No-Project Alternative 

Key Assumptions 

The methodology assumes that the No-Project Alternative, which is estimated to serve 
215.54 intercity auto trips in 2020, represents capacity conditions on the intercity highway 
system.  In other words, it is assumed that the volume-to-capacity (V/C) ratio is equal to 
1.0 in all HST intercity markets. 

The methodology also assumes that the Modal Alternative will serve 217.93 intercity auto 
trips in 2020, which represents the No-Project demand plus the portion of the “HST 
induced trips” that was allocated back to the highway mode.  (The remaining HST 
induced trips were allocated back to the aviation mode.)  The methodology also assumes 
that all of the highway improvements described in the System Alternative Definition report 
will provide capacity for the representative intercity demand. 

Volume and Capacity 

As noted previously, the Modal Alternative has a higher demand for auto travel than the 
No-Project Alternative.  The Modal Alternative has 1.1 percent more trips than the No-
Project (or “1.011V” using the previous V and C designations). 

The Modal Alternative also has freeway capacity increases across all HST regions for the 
freeway corridors that serve these trips.  The following paragraphs describe these 
increases and the assumed change in overall intercity travel capacity that these additional 
lanes represent: 

• Bay Area – An average, regionwide capacity increase of 25 percent (or “1.25 C” using 
the previous V and C designations) is assumed on the corridors of most interest for the 
representative intercity travel demand.  The average is derived from the following 
improvements: 

− U.S. 101 – San Francisco to San Jose, 25 percent capacity increase; 

− U.S. 101 – San Jose to Gilroy, 33 to 50 percent capacity increase; 

− I-80 – Oakland to Sacramento, 25 percent capacity increase; 

                                                      
assumption is fairly standard professional practice in transportation studies, and was also 
adopted for the HST Alternative in this project. 
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− I-880 – Oakland to San Jose, 25 to 33 percent capacity increase; 

− I-580 – Hayward to Central Valley, 25 percent capacity increase; and 

− U.S. 152 – Gilroy to I-5, 50 to 100 percent capacity increase. 

• Central Valley – An average, regionwide capacity increase of 40 percent (or “1.4 C” 
using the previous V and C designations) is assumed on the corridors of most interest 
for the representative intercity travel demand.  The average is derived from the fol-
lowing improvements: 

− I-5 – Sacramento to the Grapevine, 33 to 50 percent capacity increase; and 

− SR 99 – Sacramento to I-5, 33 to 50 percent capacity increase. 

• Grapevine and Antelope Valley – An average, regionwide capacity increase of 
40 percent (or “1.4 C” using the previous V and C designations) is assumed on the cor-
ridors of most interest for the representative intercity travel demand.  The average is 
derived from the following improvements: 

− I-5 – SR 99 to Downtown Los Angeles, 33 to 50 percent capacity increase; and 

− SR 14 – Palmdale to I-5, 50 percent capacity increase. 

• Southern California – An average, regionwide capacity increase of 25 percent (or 
“1.25 C” using the previous V and C designations) is assumed on the corridors of most 
interest for the representative intercity travel demand.  The average is derived from 
the following improvements: 

− I-5 – Downtown Los Angeles to Anaheim, 33 to 50 percent capacity increase; 

− I-5 – Anaheim to San Diego, 20 to 25 percent capacity increase; 

− I-10 – Downtown Los Angeles to San Bernardino, 20 to 25 percent capacity 
increase; 

− I-15 – Ontario to Miramar, 20 to 25 percent capacity increase; 

− I-215 – San Bernardino to Temecula, 33 to 50 percent capacity increase; and 

− I-8/SR 163 – Miramar to I-5, 25 percent capacity increase. 

• Travel Time Derivation – For the No-Project Alternative, it was assumed that the V/C 
ratio is equal to 1.0 (volume equals capacity).  Therefore, applying the BPR equation 
results in: 

( )( )4^/*15.01*)()( CapacityVolumeFFTNBTime +=  (Note:  This is the standard BPR equation.) 

( )( )4^/*15.01*)()( CVFFTNBTime +=  

( )( )4^1*15.01*)()( += FFTNBTime  

)(*15.1)( FFTNBTime =  
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Where: 

Time(NB) = travel time via auto for the No-Project Alternative. 

Time(FF) = free-flow travel time via auto. 

V = representative intercity trips by auto for the No-Project Alternative. 

C = representative auto capacity for intercity trips for the No-Project Alternative. 

For the Modal Alternative, the volume and capacity changes noted in the previous sec-
tions get applied to the same BPR equation, resulting in: 

Bay Area and Southern California 

( )( )4^/*15.01*)()( CapacityVolumeFFTMTime +=  

( )( )4^25.1/011.1*15.01*)()( CVFFTMTime +=  

( )( )4279.*15.01*)()( += FFTMTime  (Note:  V and C cancel each other out.) 

)(*064.1)( FFTMTime =  

( )15.1/)(*064.1)( NBTMTime =  (Note:  Substitute from above set of equations.) 

)(*925.0)( NBTMTime =  

Where: 

Time(M) = travel time via auto for the Modal Alternative. 

Central Valley and Grapevine 

( )( )4^/*15.01*)()( CapacityVolumeFFTMTime +=  

( )( )4^4.1/011.1*15.01*)()( CVFFTMTime +=  

( )( )2720.*15.01*)()( += FFTMTime  (Note:  V and C cancel each other out.) 

)(*040.1)( FFTMTime =  

( )15.1/)(*040.1)( NBTMTime =  (Note:  substitute from above set of equations.) 

)(*905.0)( NBTMTime =  

Where: 

Time(M) = travel time via auto for the Modal Alternative. 

Time(FF), V, and C = same as above. 

This methodology resulted in a 7.5 percent travel time reduction for auto trips in the Bay 
Area and Southern California, and a 9.5 percent travel reduction for auto trips in the 
Central Valley for the Modal Alternative.  Auto trips that pass between regions would be 
assumed to experience an 8.5 percent travel time reduction (average of the two values). 
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These values for the Modal Alternative are expressed as a reduction from the corre-
sponding travel times in the No-Project Alternative.  As noted in the main report, for pur-
poses of the growth effects analysis, the No-Project Alternative was assumed to follow the 
Business Plan auto travel time assumptions from Sensitivity Test 3, which involved a 
travel time increase of 30 minutes for auto trips to, from, or through the Los Angeles and 
Bay Area regions. 
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Appendix B.  Transportation 
Demand and Levels of Service 
for the Irvine Design Option 

The analysis of economic growth effects relies, in part, upon projected differences in travel 
demand, travel time, and travel cost characteristics between the system alternatives and 
design options.  The travel demand, time, and cost information for all alternatives was 
derived either directly or indirectly from the HSRA’s intercity travel demand model.  
Since it was not feasible to test the Irvine Design Option (DO) with the HSRA’s model, 
travel model results from several other HST scenarios were combined to create a set of 
travel demand and service level characteristics that would reasonably be expected to 
approximate conditions for an Irvine DO.  These other HST scenarios included the following: 

• Scenario 6B.  This scenario represented the “base” HST alignment between San Francisco 
and San Diego via Pacheco Pass, the Grapevine, and the Inland Empire, with an addi-
tional extension to Sacramento.  This scenario also included the higher air/auto 
growth rates, airfares, air travel times, and auto travel times from the four sensitivity 
tests as described in the Business Plan1. 

• Option 2/6B.  This scenario included an HST alignment between San Francisco and 
Irvine via Pacheco Pass, the Grapevine, and Los Angeles Union Station (LAUS), with 
an additional extension to Sacramento.  This scenario also included the higher 
air/auto growth rates, airfares, air travel times, and auto travel times from the four 
sensitivity tests as described in the Business Plan. 

This appendix describes the methodology that was used to estimate travel demand and 
service level (travel time and cost) characteristics for the HST Irvine DO.  The Irvine DO 
includes the basic HST alignment from Scenario 6B, and a “stub” extension from Los 
Angeles Union Station (LAUS) to Irvine via Norwalk and Anaheim. 

                                                      
1 California High-Speed Rail Authority, Final Business Plan, June 2000, pp. 29-30. 
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 B.2 Transportation Demand and Service Level Assumptions 
for Non-Orange County Trips 

The Irvine DO is nearly identical to Scenario 6B for trips that do not involve an Orange 
County origin or destination.  In particular, the travel demand characteristics for all 
modes were determined to be identical for non-Orange County trips.  Therefore, for non-
Orange County trips, travel demand and service level characteristics on all modes for the 
Irvine DO were assumed to be identical to the corresponding values from Scenario 6B. 

 B.3 Service Level Assumptions for Orange County Trips 

For trips that involve an Orange County origin or destination, service level characteristics 
for the air, rail, and auto modes were assumed to be identical to the corresponding values 
from Scenario 6B.  Service level characteristics for the HST mode were assumed to be 
identical to the corresponding values from Option 2/6B, except for the Orange-San Diego 
travel market.   

In the Orange-San Diego, market, HST service level characteristics for the Irvine DO are a 
hybrid of values from Scenario 6B and Option 2/6B.  Table B.1 illustrates values for the 
different service characteristics from Scenario 6B (between San Diego and Orange, Los 
Angeles and Riverside Counties) and Option 2/6B (between San Diego and Orange on 
HST and conventional rail).  The right-most column in Table B.11 reflects the consensus 
hybrid values for the Irvine DO; these values reflect the following trade-off principles: 

• No single scenario directly replicates the conditions that will exist for the Orange-San 
Diego travel market under the Irvine DO. 

• HST travelers between Orange and San Diego could use stations in Riverside, Ontario, 
East San Gabriel Valley, Norwalk, Anaheim, or Irvine depending upon their actual 
origin or destination in Orange County.  The HST times and costs reflect an average of 
the values for use of these different stations. 

• Out of vehicle time (OVT) for the Irvine DO was assumed to be equal to the Scenario 
6B value since Scenario 6B better reflects the time difference between business and 
non-business trips. 

• Travel costs for the Irvine DO were assumed to be equal to the Scenario 6B value since 
Scenario 6B better reflects the costs for direct HST service into San Diego while also 
reflecting the cost premium for HST service into Orange County. 
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Table B.1 Comparison Of Service Level Characteristics 

Scenario 6B (HST) 
Option 2/6B 

(Orange-San Diego) Irvine DO 

 

Orange-
San 

Diego 

Los 
Angeles-

San Diego 
Riverside-
San Diego HST 

Conven-
tional 
Rail 

Orange-San 
Diego 

In-Vehicle Travel Time 60 78 37 54 166 90 
Access Time-Business 84 70 76 163 27 58 
Access Time - Non-Business 5 64 67 147 25 50 
Out-of-Vehicle Time (OVT) – 
Business 

8 7 8 10 54 8 

Out-of-Vehicle Time (OVT) – 
Non-Business 

12 11 12 10 61 12 

Travel Cost – Business $63 $53 $58 $113 $32 $63 
Travel Cost – Non-Business $41 $33 $37 $75 $27 $41 

 

• The sum of in-vehicle travel time (IVTT) and access/egress time for the Irvine DO 
should be similar to the sum under Scenario 6B since both of these scenarios include 
direct HST service between the Los Angeles area and San Diego.  However, the Irvine 
DO is assumed to have a larger IVTT and lower access/egress time than under 
Scenario 6B since more direct HST service would be available into the core of Orange 
County. 

• Orange-San Diego is assumed to have an average IVTT of 90 minutes.  This IVTT 
reflects the 78 minute IVTT between Los Angeles and San Diego under Scenario 6B 
combined with the 25 minute average line-haul time between Orange and Los Angeles 
Counties under Option 2/6B.  The time also reflects the possibility of shorter line-haul 
time for people who use Ontario or Riverside stations for trips to and from Orange. 

• Orange-San Diego is assumed to have an average access/egress time of 58 minutes for 
business trips and 50 minutes for non-business trips.  These times reflect the shorter 
access/egress times that are possible with direct service into Orange County (as con-
firmed by the various travel times for conventional rail under Option 2/6B), as well as 
longer access/egress times for people who use Los Angeles, Ontario or Riverside sta-
tions for trips to and from Orange.   

 B.3 Transportation Demand for Orange County Trips 

Travel demand estimates for trips that involve an Orange County origin or destination 
were assumed to be identical to the corresponding values from Option 2/6B, except for 
the Orange-San Diego travel market.  This assumption holds for all modes since the Irvine 
DO is identical to Option2/6B for areas north of Orange County.  (Trips from Orange 
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County to/from Eastern Los Angeles, San Bernardino, and Riverside Counties are not 
included in the HST travel model since they are not considered to be intercity; therefore, 
differences between the Irvine DO and Option 2/6B east of LAUS are not relevant for this 
assumption.) 

Travel demand for air and auto trips between Orange and San Diego for the Irvine DO 
were assumed to be the same as existed under Scenario 6B.  This assumption recognizes 
that air trips were essentially “0” for this travel market in Scenario 6B, and that there is no 
relative difference in the competitive position (i.e., time and cost) between auto and HST 
for Scenario 6B and Option 2/6B. 

For conventional rail and HST between Orange and San Diego, the remaining conven-
tional rail trips (44,461 business trips and 44,090 non-business trips) from Scenario 6B were 
assumed to be diverted to HST since HST would directly serve the same major markets as 
conventional rail (e.g., Irvine, Anaheim, Downtown San Diego) under the Irvine DO.  
These conventional rail trips were added to the HST trips from Scenario 6B to arrive at an 
estimate of total HST trips under the Irvine DO. 

 B.4 Service Implementation Assumptions 

For the Irvine DO, the “stub” extension between LAUS and Irvine was assumed to be open 
for service on January 1, 2019.  Service implementation on other segments was assumed to 
follow the same schedule as set for the base HST Alternative and other design options. 
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Appendix C.  Estimation of User 
Benefits 

Travel efficiency benefits for users of the HST system were estimated separately for inter-
city business users, intercity non-business users, and long-distance commuters.  The bene-
fits are estimated through a process known as a log-sum calculation.  Using this process, 
the total benefit for switching from each mode to HST is calculated as a function of the log 
sum of utilities for travelers of that mode, using the following equation: 

t

e
e

HSRe ee
B

cos

mod
mod

)ln( mod

β
µ µµ +−

=  

where eBmod  is the total benefit for that mode, emodµ is the utility of travel on that mode, 

HSRµ  is the utility of travel on high speed train, and tcosβ is the coefficient of cost for travel 
on that mode (to monetize the benefits).  The utility of a particular mode is calculated as a 
function of travel time and out-of-pocket costs, as follows: 

OVTAccessIVTCost OVTAccessIVTxoste ×+×+×+×+= ββββαµmod  

Where tcosβ is the coefficient of cost for travel on that mode, IVTβ is the coefficient of line 
haul (in vehicle) time on that mode, Accessβ is the coefficient of access/egress time on that 
mode, and OVTβ is the coefficient of out-of-vehicle (i.e., wait, terminal processing, etc.) on 
that mode. 

These calculations use coefficients from the mode choice model developed for previous 
work by the HSRA, and travel time and cost information developed for the project as 
described in the main body of the final report.  The mode choice coefficients for the rele-
vant modes are shown in Table C.1.  Monetary values that resulted from these coefficients 
were adjusted to 2002 dollars for purposes of the REMI analysis. 
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Table C.1 Values of Time from Previous HST Mode Choice Models 

Private Auto 
 

Local  
Air 

Conventional 
Rail Short Distance Long Distance 

Business Trips     
Modal Constant 0.0993 0.7848 -0.6600 -0.7995 
Line-haul Time (IVT) -0.0357 -0.0254 -0.0142 -0.0110 
Access/Egress Time -0.0382 -0.0325 -0.0175* -0.0184 
Wait Time (OVT) -0.0207 -0.0225  -0.0060 
Cost -0.0505 -0.1046 -0.0450 -0.026 
Non-Business Trips     
Modal Constant 0.1174 0.5226 -1.0369 -0.8768 
Line-haul Time (IVT) -0.0373 -0.0197 -0.0057 -0.0066 
Access/Egress Time -0.0141 -0.0212 -0.035** -0.0093 
Wait Time (OVT) -0.0321 -0.0144  -0.0031 
Cost -0.0744 -0.0860 -0.0553 -0.0293 

Source:  Charles River Associates, 1996. 
Notes: 
* This access/egress coefficient is applied the following ratio of travel times – (OVT)*(1.5*access)/IVT. 
** This access/egress coefficient is applied the following ratio of travel times – (0.5*OVT)* 

(1.5*access)/IVT. 
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Appendix D.  Estimation of Non-
User Benefits 

This appendix describes technical procedures that were followed to estimate non-user 
benefits for the HST Alternative.  The term “non-user benefits” refers to savings that 
accrue to individuals who do not use the HST system after service begins.  Nonetheless, 
these individuals might receive residual benefits from travel delay reductions or related 
areas that arise from diversion of trips to HST from auto, air, and/or conventional rail 
modes.  This appendix describes benefits in the areas of intercity highway travel, long-
distance commuting, and air travel. 

 D.1 Auto Delay Reduction Benefits 

The HST Alternative involves diversion of trips from the auto mode to the HST mode.  
The alternative also assumes that the highway network from the No-Project Alternative 
remains in place to serve the remaining auto demand of the HST Alternative.  The combi-
nation of constant highway capacity, decreased intercity travel demand via auto, and 
overall fixed trip table1 will lead to reductions in travel delay for individuals who remain 
in the auto mode. 

The methodology for estimating the auto delay reduction benefits for the HST Alternative 
uses the Bureau of Public Roads (BPR) Volume Delay Function (VDF) curves, and results in 
an intercounty travel time for the HST Alternative that is expressed in relation to the 
travel time for the No-Project Alternative.  This methodology was also followed to esti-
mate travel time savings for the Modal Alternative (see Appendix A). 

Key Assumptions 

The methodology assumes that the No-Project Alternative, which is estimated to serve 
215.54 million intercity auto trips in 2020, represents capacity conditions on the intercity 

                                                      
1 It is recognized that considerable debate exists as to the potential of highway capacity 

improvements to induce further highway travel.  This induced travel may, in turn, reduce the 
travel time benefit that a highway capacity improvement could provide under assumptions of a 
fixed level of travel demand.  Nonetheless, the fixed travel demand (i.e., fixed trip tables) 
assumption is fairly standard professional practice in transportation studies, and was also 
adopted for the Modal Alternative in this project. 
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highway system.  In other words, it is assumed that the volume-to-capacity (V/C) ratio is 
equal to 1.0 in all HST intercity markets for the No-Project Alternative.  The methodology 
also assumes that the HST Alternative will serve 195.94 million intercity auto trips in 2020. 

Volume and Capacity 

As noted previously, the HST Alternative has a lower demand for auto travel than the No-
Project Alternative.  The HST Alternative has 9.1 percent fewer trips than the No-Project 
Alternative (or “0.909V” using the previous V and C designations).  The HST Alternative 
is also assumed to have identical freeway capacity as the No-Project Alternative for the 
freeway corridors that serve these trips.   

Travel Time Derivation 

For the No-Project Alternative, it was assumed that the V/C ratio is equal to 1.0 (volume 
equals capacity).  Therefore, applying the BPR equation results in: 

( )( )4^/*15.01*)()( CapacityVolumeFFTNBTime +=  (Note:  This is the standard BPR equation.) 

( )( )4^/*15.01*)()( CVFFTNBTime +=  

( )( )4^1*15.01*)()( += FFTNBTime  

)(*15.1)( FFTNBTime =  

Where: 

Time(NB) = Travel time via auto for the No-Project Alternative; 

Time(FF) = Free-flow travel time via auto; 

V = Representative intercity trips by auto for the No-Project Alternative; and 

C = Representative auto capacity for intercity trips for the No-Project Alternative. 

For the HST Alternative, the volume and capacity changes noted in the previous sections 
get applied to the same BPR equation, resulting in: 

( )( )4^/*15.01*)()( CapacityVolumeFFTMTime +=  

( )( )4^/909.0*15.01*)()( CVFFTMTime +=  

( )( )6829.0*15.01*)()( += FFTMTime   (Note:  V and C cancel each other out.) 

)(*10.1)( FFTMTime =  
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( )15.1/)(*10.1)( NBTMTime =   (Note:  Substitute from above set of equations.) 

)(*959.0)( NBTMTime =  

Where: 

Time(M) = Travel time via auto for the HST Alternative; and 

Time(FF), V, and C = Same as above. 

This methodology resulted in a 4.1 percent travel time reduction for intercity auto trips in 
the HST corridors.  This reduction was assumed to apply uniformly across all HST corri-
dors, and to both business and non-business trips. 

These values for the HST Alternative are expressed as a reduction from the corresponding 
travel times in the No-Project Alternative.  As noted in the main report, for purposes of 
the growth effects analysis, the No-Project Alternative was assumed to follow the Business 
Plan auto travel time assumptions from Sensitivity Test 3, which involved a travel time 
increase of 30 minutes for auto trips to, from, or through the Los Angeles and Bay Area 
regions. 

Monetary Benefits 

The 4.1 percent travel time saving was applied to the travel time for each county-to-county 
travel pair for both business and non-business trips to estimate the total time saved per 
traveler.  This per-traveler time savings was multiplied by the total number of business 
and non-business travelers that remain in auto mode after introduction of HST, and then 
summed to determine the total time savings by county-to-county pair for business and 
non-business trips.  Finally, the travel distance of each county-to-county pair was esti-
mated, and the appropriate travel time values from Table D.1 were applied to each time 
component to convert time savings to monetary values. 

Table D.1 Assumed Values of Auto Travel Time for Intercity Trips  
(1996 Dollars) 

Market Segment Business Trips Non-Business Trips 
Short Distance Auto Trips (less than 150 miles) $18.93 $6.21 
Long Distance Auto Trips (150 miles or more) $25.39 $13.53 

Sources:  Charles Rivers Associates, Inc., 1996; and Cambridge Systematics, Inc., 2003. 
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Benefits Beyond 2020 

It was assumed that, beyond 2020, investments would continue to be made in California’s 
transportation system at a level sufficient to maintain the transportation service levels that 
would be experienced in 2020.  In terms of the auto delay reduction analysis, this planning 
assumption meant that auto travel times both with and without HST would remain con-
stant between 2020 and 2040.  Therefore, the per-traveler time saving was assumed to 
remain constant from 2020 to 2040.  This time saving was applied to estimates of auto trips 
in year 2040 (using estimates described in Section 2.0 of the main report), with the proce-
dure described in the previous section.  Values were then interpolated for each year 
between 2020 and 2035. 

Total monetary benefits from delay reduction for intercity auto trips are summarized in 
Table D.2 for years 2020 and 2040. 

Table D.2 Statewide Monetary Benefits for Intercity Auto Delay 
Reduction (Millions of 1996 Dollars) 

HST Alternative 
Design Option 

 
Analysis 

Year 
Modal 

Alternative 

Base, East 
Bay, and 
Outlying 
Station 

Diablo 
Direct Palmdale Irvine 

2020 456.6 128.1 128.0 128.6 127.3 Intercity Trip 
Purpose 2040 908.1 190.4 190.4 190.4 190.4 

2020 576.0 167.2 167.2 167.2 167.2 Non-
Business 
Trips 

2040 1,146.3 248.5 248.5 248.5 248.5 

Source:  Cambridge Systematics, Inc., 2003. 

 D.2 Long-Distance Commute Benefit 

The Modal and HST Alternatives include features that could improve travel conditions for 
individuals traveling to or from work (i.e., commuters).  In the case of the Modal Alternative, 
these features include additional freeway travel lanes that could reduce congestion in key 
commute corridors during regular commute hours.  In the case of the HST Alternative, the 
new HST modal option and potential for commute-oriented HST service could divert auto 
commuters to HST, thereby, increasing their utility and decreasing the number of auto 
commuters on the freeway.  Analysis methods were developed to estimate all of these 
benefits. 
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HST Alternative 

Auto Travel Time Savings 

Commute travel time savings were estimated on a corridor basis for three primary com-
mute corridors that were roughly adjacent to potential HST alignments: 

1. South and east of Los Angeles Union Station (LAUS) – A corridor from Downtown 
Los Angeles to Downtown San Diego roughly following Interstate 10 and SR 60 
between LAUS and Riverside, and Interstates 15 and 215 between Riverside and San 
Diego; 

2. North and west of LAUS – A corridor from Downtown Los Angeles to the Antelope 
Valley roughly following Interstate 5 and SR 14; and 

3. Bay Area – A corridor from Downtown San Francisco to Los Banos roughly following 
U.S. 101 and Interstate 280. 

The delay estimation methodology used county-to-county commute flows on HST and 
auto modes.  The HST commute flows were taken from material previously developed by 
the HSRA2, and reflected an approximate annual total of 10 million commute trips; the 
annual trip totals were converted to daily values by assuming 260 work days per year. 

Auto commute flows were estimated from regional travel demand models maintained by 
the Metropolitan Transportation Commission (MTC), the Southern California Association 
of Governments (SCAG), and the San Diego Association of Governments (SANDAG).  The 
regional models were used to identify vehicle trips and average travel time during a three-
hour a.m. peak period for all county-to-county pairs that shared the same travel corridors 
served in whole or in part by HST.  These values were assumed to represent conditions 
under the No-Project Alternative. 

For each of the three corridors, the number of auto commute trips diverted to HST was 
calculated assuming average vehicle occupancy of 1.107 for commute trips.3  The standard 
BPR equation, as described in the previous section, was then applied to estimate the 
change in commute travel time in each corridor created by the diversion of commute trips 
to HST.4  This time saving was combined with the average commute travel time in each 
corridor (from the regional travel models) to estimate the time saved per remaining auto 
commute trip.  This per-trip time savings was multiplied by the number of remaining auto 

                                                      
2 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 

prepared for the California High-Speed Rail Authority by Charles River Associates, January 2000, 
pp. 73-89. 

3 Value derived from MTC travel demand model for home-based work trips. 
4 As with the analysis of intercity auto delay reduction, the analysis of long-distance commute 

benefits assumed a fixed trip table for each corridor during the a.m. peak period. 
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commuters and expanded to find total annual commute time savings in the a.m. and p.m. 
peak hours.  Finally, the total time savings was multiplied by an assumed value of time of 
$18.935 to find the monetary equivalent of this estimated savings. 

The growth in commute trips from 2020 to 2040 was set equal to population growth rates 
in each corridor, and was calculated independently for each mode.  The 2040 analysis 
assumed that highway investments would continue to be made beyond 2020 at a level suf-
ficient to maintain average travel time in each corridor under the No-Project Alternative at 
year 2020 levels.  Commute time savings for 2020 and 2040 are summarized in Table D.3 
for the three commute corridors. 

Table D.3 Estimated Time Savings for Auto Commuters 

Annual Time Saved (Thousands of Hours) 

Commute Corridor 
Analysis 

Year 
Modal 

Alternative 
HST 

Alternative 

HST Alternative – 
Palmdale Design 

Option 
2020 42,059 871 871 San Diego – LAUS 
2040 55,247 1,148 1,148 
2020 30,545 599 968 Antelope Valley – LAUS 
2040 36,647 719 1,162 
2020 5,377 594 594 Los Banos – San Francisco 
2040 5,981 663 663 

Source:  Cambridge Systematics, Inc., 2003. 

Travel Efficiency Benefits for HST Commuters 

Travel efficiency benefits for intercity business and non-business HST trips were esti-
mated using the mode choice coefficients from the HSRA’s travel demand model, as 
described in Appendix C.  These coefficients could not be used for commute trips, how-
ever, since regional travel models maintained by MTC, SCAG, and SANDAG had 
originally been used to forecast long-distance commute potential of HST.  These regional 
travel models have mode-choice coefficients that are different from each other and from 
the HSRA’s travel demand model.  Therefore, this analysis relied on travel efficiency 
estimates that had been developed in previous HSRA studies6.  These statewide commute 
benefits were suballocated to individual counties based on each county’s total estimated 
commute ridership on HST. 

                                                      
5 The “value of time” for long-distance commute trips is assumed to equal the value for short-

distance intercity auto trips for business-related purposes (see Table D.1). 
6 Op cit. 
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Modal Alternative 

Estimation of commute-related travel time savings for the Modal Alternative followed the 
same basic data and procedures as used for the HST Alternative.  Travel time savings 
were estimated on a corridor basis using four corridors instead of three (the LAUS to San 
Diego corridor was split into two corridors at the Riverside/San Diego county line for the 
Modal Alternative). 

For each corridor, the average freeway capacity increase over the No-Project Alternative 
was estimated based on existing conditions and characteristics of each alternative as 
described in the System Alternatives Definition report.  These average capacity increases 
were estimated as: 

• Bay Area (San Francisco to Gilroy) – 19 percent freeway capacity increase; 

• North and West of LAUS – 38 percent freeway capacity increase; 

• South and East of LAUS – 19 percent freeway capacity increase; and 

• San Diego – 22 percent freeway capacity increase. 

The standard BPR equation, as described in the first section of this appendix, was applied 
to estimate the reduction in commute travel time in each corridor created by the freeway 
capacity increase7; this reduction ranged between 6.5 percent and 9.5 percent for the four 
corridors.  This reduction was combined with the average commute travel time in each 
corridor (from the regional travel models) to estimate the average freeway time saved per 
auto commute trip.  This per-trip time saving was multiplied by the number of freeway 
auto commuters8 and expanded to find total annual commute time savings for auto com-
muters in the a.m. and p.m. peak hours.  Finally, the total time savings were multiplied by 
an assumed value of time of $18.93 to find the monetary equivalent of this estimated savings. 

As with the HST Alternative, the growth in commute trips from 2020 to 2040 was set equal 
population growth rates in each corridor.  The 2040 analysis assumed that highway 
investments would continue to be made beyond 2020 at a level sufficient to maintain the 
year 2020 reduction in commute travel time.  Commute time savings for 2020 and 2040 are 
summarized in Table D.3; values for the “San Diego” and “south and east of LAUS” corri-
dors are combined into the rows for “San Diego – Los Angeles Union Station.” 

                                                      
7 As with other auto-related travel time analyses for this study, it was assumed that the No-Project 

Alternative represented capacity conditions on roadways during commute hours.  Therefore, 
freeway lane additions for the Modal Alternative represent improvements from the capacity 
condition.  Also, a fixed trip table was assumed for each corridor during the a.m. peak period. 

8 Data from the MTC travel model indicated that 57 percent of commute-related vehicle-miles 
traveled (VMT) in the a.m. peak period occurs on freeways.  This value was assumed to represent 
the proportion of total commute trips that occur on freeways, and was, therefore, used to adjust 
the total auto commute trips in each corridor to represent “freeway auto commuters.” 
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 D.3 Air Delay Reduction Benefits 

The Modal and HST Alternatives include transportation system changes that could lead to 
delay reductions for air travelers when compared to the No-Project Alternative.  Specifi-
cally, terminal expansion and runway additions at major airports under the Modal 
Alternative could increase capacity for intrastate, interstate, and international flights, 
thereby, reducing delays for flight takeoffs and landings.  Similarly, reduction in intrastate 
air travel with the HST Alternative could reduce the number of intrastate flights needed to 
accommodate this air demand, thereby, saving time for remaining intrastate, interstate, 
and international air travelers due to fewer takeoffs and landings at major airports. 

This analysis considered the potential for air delay reduction benefits at airports through-
out California.  As with a previous analysis performed for the HSRA,9 this analysis 
focused on airside delay reductions to passengers and aircraft operations at nine major 
airports in California.  Unlike the earlier analysis, however, this current analysis consid-
ered the potential for air delay reduction benefits to accrue to other locations throughout 
the State.  Although air carrier airports in these other locations were unlikely to experience 
meaningful changes in airside travel time, a portion of the air delay reduction benefit from 
major airports would actually accrue to the regions around these other airports due to 
changes in overall flight time for intrastate air travel. 

Airport Capacity 

Airport capacity was determined on a regional basis, which allowed for continuation of 
assumptions from the earlier HSRA work that flights (particularly intrastate) could shift 
from airports with high levels of delay to less congested airports in the same region.  The 
following regional groupings were used for major airports: 

• Los Angeles – Los Angeles International, Burbank-Glendale-Pasadena; Ontario 
International, and Orange County (John Wayne Airport). 

• Bay Area – San Francisco International, San Jose International, and Oakland International. 

• Sacramento – Sacramento International. 

• San Diego – San Diego International (Lindbergh Field). 

Airside operational capacity (annual service volume) was estimated on a regional basis 
using the existing number of runways and terminal gates, and improvements defined for 

                                                      
9 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 

Appendix A, Charles River Associates, January 2000. 
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the system alternatives.10  For this analysis, it was assumed that runway and terminal con-
figurations were identical between the No-Project and HST Alternatives.  Physical facili-
ties were converted to operational capacity using the following assumptions: 

• Gate utilization factor of 525,000 passengers per gate per year11; 

• Gate to runway ratio of 3012; and 

• Average aircraft load of 74 passengers per operation13. 

The larger of the two values derived from runway and terminal gate improvements was 
assumed to represent the operational capacity in each region.  A summary of the airport 
physical features and operational capacity used for this analysis is presented in Table D.4. 

Table D.4 Airport Characteristics of the System Alternatives 

Airport Physical Features 
Increase Over Year 2002 

Year 2002 
No-Project and 

HST Alternatives 
Modal 

Alternative 
Annual Service Volumes 

(Thousands of Operations) 

Region 
Run-
ways Gates 

Run-
ways Gates 

Run-
ways Gates 

Year 
2002 

No-
Project/ 

HST Modal 
Los Angeles 10 194 0 24 2 51 2,153 2,323 2,578 
Bay Area 10 172 0 29 2 64 1,267 1,473 1,721 
Sacramento 2 30 0 14 1 20 315 414 528 
San Diego 1 41 0 8 1 20 270 327 483 

 

Air Travel Demand 

Travel demand model results for each system alternative (see Section 2.2 of main report) 
provided the county-to-county air flows for intrastate air travel.  These county-to-county 
flows were aggregated to regional flows totals using counties within the four major 

                                                      
10 System Alternatives Definition – Deliberative Draft, California High-Speed Rail Authority, 

November 18, 2002 
11 ibid 
12 ibid 
13 This value is a statewide average for major airports, and was derived from data presented in 

Appendix A of the Independent Ridership and Passenger Revenue Projections for High-Speed Rail 
Alternatives in California. 
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regions and three other minor regions.  This allocation of counties, which considered the 
structures of the REMI and travel demand models, was as follows: 

• Los Angeles – Los Angeles, Orange, Riverside, San Bernardino, and Ventura; 

• Bay Area – Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa 
Clara, Solano, and Sonoma; 

• Sacramento – El Dorado, Placer, Sacramento, Sutter, and Yolo; 

• San Diego – San Diego; 

• Northern Central Valley – Merced, San Joaquin, and Stanislaus; 

• Southern Central Valley – Fresno, Kern, Kings, Madera, and Tulare; and 

• Rest of State – Monterrey, San Benito, and Santa Cruz. 

Estimates were also made of interstate and international enplanements and deplanements 
in each major region.  These estimates were based on results from a previous HSRA analy-
sis that had used travel model results for the Business Plan assumptions.14  The difference 
between total airport demand (from the HSRA analysis) and intrastate airport demand 
(from the Business Plan travel model results) provided a year 2020 estimate of interstate 
and international airport demand (enplanements and deplanements).  The total regional 
airport demand for this current analysis was estimated as the sum of the interstate/inter-
national airport demand and the intrastate travel model results for each system alternative. 

Commercial aircraft operations within each region were estimated using an assumed 
average of 74 passengers per operation. 

Airport Delay 

Regional airport delay was estimated for each system alternative and HST design option 
using the equation:15 

6

*33.219.0.)(min 







+=

volumeserviceannual
opertionsannualoperationaircraftperDelay  

                                                      
14 Independent Ridership and Passenger Revenue Projections for High-Speed Rail Alternatives in California, 

Appendix A, Charles River Associates, January 2000. 
15 Levinson, D., and D. Gillen, The Full Cost of Air Travel in the California Corridor, presented at the 

Annual Meeting of the Transportation Research Board, Washington, D.C., January 1999.  This 
equation was used in previous work by the HSRA. 
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Operations and service volume estimates for each system alternative were taken from 
previous steps.  The delay reduction for the Modal and HST Alternatives was derived by 
subtracting the delay value from these alternatives from the delay value for the No-Project 
Alternative.  Delay reductions, which ranged from 0.1 minute at Sacramento up to 12 to 
14 minutes at San Diego, are summarized in Tables D.5 and D.6. 

Table D.5 Annual Delay Reduction from No-Project Alternative for 
Aircraft Operations 

Modal Alternative 
HST Alternative (Base, East Bay, and 
Outlying Stations Design Options) 

Annual Delay Reduction 
(Thousands of  

Passenger Hours) 

Annual Delay Reduction 
(Thousands of  

Passenger Hours) 
 

Time 
Saved per 
Operation 

(Min.) 2020 2040 

Time 
Saved Per 
Operation 

(Min.) 2020 2040 
Los Angeles 
Region 

1.20 3,485 6,934 1.63 5,272 10,490 

Bay Area 3.71 7,915 15,749 4.53 10,441 20,776 
Sacramento 0.10 33 65 0.12 60 119 
San Diego 14.31 7,948 15,815 12.41 7,350 14,625 
Northern Central 
Valley 

– 30 59 – 1 2 

Southern Central 
Valley 

– 42 83 – 0 0 

Rest of State – 370 737 – 8 15 
Statewide Total – 19,822 39,443 – 23,132 46,027 

Source:  Cambridge Systematics, Inc., 2003. 

Table D.6 Annual Delay Reduction from No-Project Alternative for 
Aircraft Operations – HST Design Options 

HST Alternative – Palmdale  
Design Option 

HST Alternative – Diablo Direct  
Design Option 

Annual Delay Reduction 
(Thousands of  

Passenger Hours) 

Annual Delay Reduction 
(Thousands of  

Passenger Hours) 
 

Time 
Saved per 
Operation 

(Min.) 2020 2040 

Time 
Saved per 
Operation 

(Min.) 2020 2040 
Los Angeles 
Region 

1.63 5,255 10,457 1.63 5,272 10,490 

Bay Area 4.51 10,402 20,699 4.53 10,440 20,772 
Sacramento 0.12 60 119 0.12 60 119 
San Diego 12.33 7,307 14,538 12.41 7,350 14,626 
Northern Central 
Valley 

– 0 0 – 0 0 

Southern Central 
Valley 

– 0 0 – 0 0 

Rest of State – 0 1,463 – 1 3 
Statewide Total – 23,025 45,815 – 23,123 46,010 

Source:  Cambridge Systematics, Inc., 2003. 
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Table D.6 Annual Delay Reduction from No-Project Alternative for 
Aircraft Operations – HST Design Options (continued) 

HST Alternative – Irvine Design Option 
Annual Delay Reduction 

(Thousands of  
Passenger Hours) 

 

Time 
Saved per 
Operation 

(Min.) 2020 2040 
Los Angeles Region 1.64 5,287 10,520 
Bay Area 4.54 10,466 20,826 
Sacramento 0.12 60 120 
San Diego 12.41 7,350 14,625 
Northern Central 
Valley 

– 0 0 

Southern Central 
Valley 

– 0 0 

Rest of State – 1 1 
Statewide Total – 23,164 46,091 

Source:  Cambridge Systematics, Inc., 2003. 

Total delay reduction was calculated for aircraft operators and air travelers in each region 
by multiplying the delay reduction per operation by the estimated number of aircraft 
operations and air travel demand, respectively.  Separate tabulations were maintained for 
intrastate and interstate/international travelers.   

Total regional delay savings for air travelers were split into business and non-business 
components, assuming that business travel represented about 44.4 percent of total air 
travel.  This percentage represents a statewide average for intrastate air travel using travel 
demand results from the No-Project and Modal Alternatives.16  This percentage was 
assumed to apply equally to intrastate and interstate/international air travelers. 

A portion of the delay reduction within the four major regions was assumed to accrue to 
airports elsewhere in the State.  This allocation considered time savings for intrastate air 
travelers from the northern and southern Central Valley and the rest of the State that 
travel into or through airports in one of the four major regions.  Average delay reductions 
for flights at each major airport were applied to estimates of air travel between the four 
major regions and elsewhere in the State.  The resulting delay reductions were applied to 
the other airports, and then subtracted from the original delay reduction estimates for the 
major airports (to avoid double-counting of benefits). 

Delay reduction estimates were also prepared for a 2040 forecast year by assuming 
3.5 percent annual growth rate in air demand across all alternatives beyond 2020; this 
                                                      
16 The HST Alternative included almost no intrastate air travel and was, therefore, not used to 

derive this percentage. 
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assumption represents a continuation of characteristics of Sensitivity Analysis 117.  It was 
also assumed that, beyond 2020, continued investments would be made in the State’s air-
port system to maintain year 2020 delay levels (per aircraft operation) for each alternative 
and design option.  Therefore, the growth in delay reduction benefits from 2020 to 2040 
was essentially driven by growth in air travel demand. 

Delay reduction summaries by region for air travelers are presented in Table D.5 for the 
Modal and HST Alternatives, and Table D.6 for the HST design options.  These tables 
include values for years 2020 and 2040. 

Monetized Benefits 

The delay reduction benefits were converted to monetary benefits using the following 
“values of time” (expressed in 1996 dollars) 18: 

• $40.91 per hour for a business traveler; 

• $30.00 per hour for a non-business traveler; and 

• $1,964.01 per aircraft operating hour. 

The monetary benefits were assumed to accrue one-half at the origin end and one-half at 
the destination end of each trip.  For interstate and international flights, this assumption 
means that one-half of delay savings is “lost” to some other location, either domestically or 
internationally. 

                                                      
17 California High-Speed Rail Authority, Final Business Plan, June 2000, pp. 29-30. 
18 “Values of time” were derived from data presented in Appendix A of the Independent Ridership 

and Passenger Revenue Projections for High-Speed Rail Alternatives in California.  The aircraft 
operating cost is a statewide average for major airports. 
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Appendix E.  Analysis of Business 
Attraction 

This analysis considered the potential for firms to change their location and expansion 
decisions based on improved accessibility to markets.  This type of effect is over and above 
the economic effects of travel efficiency benefits, and addresses two key phenomenons: 

• The potential for new business attraction or a shifting of firm location within the State, 
rather than focusing on expansion of existing firms; and 

• Influences of changes in accessibility to markets and key transportation nodes (i.e., 
labor force, buyers, suppliers, intermodal terminals, etc.) rather than the direct 
changes in travel demand, time, and cost that are the basis for the travel efficiency 
benefits. 

The general effects of transportation investments on local economic development will 
depend on changes in accessibility to input (workers and supplies) and output markets, 
industry sector characteristics, and local economic characteristics.  These three factors, 
which are summarized in Table E.1, comprise the general framework used in business 
attraction models (BAM).  Modeling the effects of any particular transportation improve-
ment, however, requires fine-tuning of a generalized BAM to capture the unique 
characteristics associated with the affected transportation modes, and the economic geog-
raphy of the areas being modeled. 

 E.1 Business Attraction Framework 

Accessibility Measures 

Accessibility effects capture the absolute influence of transportation improvements on 
access to labor, supplier, and buyer markets.  The relevant radius for labor market access 
is generally smaller (e.g., 60 to 90 minutes) than for supplier and buyer market access (e.g., 
180 to 240 minutes).  Accessibility measures capture the effects of transportation 
improvements on existing firms in an area that will experience lower transportation costs, 
as well as the overall attractiveness of an area as a site for new firms.  Transportation 
improvements also improve access to regional and international markets by reducing the 
time and costs to key transportation modes, e.g., airports, rail centers, sea and river ports.  
The level of these improvements is measured by the percent reduction in time needed to 
access these modes and points.   
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Table E.1 General Business Attraction Modeling Framework 

Factor Element General Indicator 
Accessibility Measures Product Markets and 

Suppliers 
Level of economic activity within 
radius 

 Regional/International 
Markets 

Time to airports, rail centers, ports, 
etc. 

 Labor Market Access Number of workers within fixed 
radius 

Local Area Characteristics Labor Cost Relative manufacturing wage 
 Office/Warehouse Cost Relative rents or land/housing costs 
 Skilled Workers Percent of population with 

bachelor’s degree 
Industry Sector Characteristics Space Intensity Average floor space per worker 
 Skill Intensity Percent production workers; 

average wage 
 Transportation Intensity Transportation as % of production 

costs 
 

Local Area Characteristics 

Improvements in accessibility interact with local economic characteristics, including land 
and labor costs and workforce characteristics, to determine the overall level of economic 
benefit associated with improved transportation networks.  For existing firms, access to 
new sources of labor is a key factor, with improved access, firms might increase market 
share or expand the range of activities at existing sites.  New firm locations are influenced 
by similar factors.  For example, areas with relatively low-cost land and labor can expect 
to increase their chances of attracting labor- and land-intensive industrial activities, while 
those with access to highly-skilled labor will be attractive to skilled manufacturing, high-
end services, management, and engineering activities. 

Industry Sector Characteristics 

Industry Sector characteristics, then, are important for identifying the types of industries 
that will be drawn to an area after transportation improvements.  The key industry sector 
characteristics modeled include: 

• The space intensity of the industry, which measures the average amount of floor space 
required for each worker;  

• Skill intensity, which captures each industry’s dependence on skilled labor; and 
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• Transportation intensity, which reflects the percent of total production costs that go to 
transportation-related expenses. 

Local areas with low costs of industrial space (e.g., land, offices, plants, warehouses) will 
be attractive to industries that require large amounts of footage per employee.  Local areas 
with a high proportion of skilled workers will be attractive to industries that require 
highly-skilled workers in production and support activities, like research and develop-
ment.  In all cases, industries with higher transportation intensities will be more strongly 
affected by improvements – and associated cost and time savings – associated with infra-
structure improvements. 

 E.2 Modeling Transportation Alternatives for California 

Business Attraction Model Modifications 

Two primary modifications had to be made to the BAM for this project.  First, unlike 
highway or airport improvements that increase the efficiency with which people and 
freight can be transported, international experience suggests that HST is used almost 
exclusively for the transport of people.  To address this, modifications were made to cate-
gorize industries based on the relative weights of personnel versus freight movements in 
total transportation costs.  Second, the economic geography of California is unique:  unlike 
rural areas, where economic activity is more dispersed and networked, or states such as 
Massachusetts, where a large portion of economic activity is centered around one city 
(Boston), California is characterized by two primary concentrations of activity – the Bay 
Area and Los Angeles.  To address this, each county affected by HST was categorized 
according to the likely influence of the Bay Area and Los Angeles on their business attrac-
tion potential.  Modifications to the BAM used for analysis of California HST are 
summarized in Table E.2. 

For the HST Alternative and design options, two sets of business attraction effects were 
modeled: 

• The direct accessibility effects of the introduction of HST; and 

• The indirect benefits associated with reductions in highway congestion as highway 
users switch to HST. 

For the Modal Alternative, impacts of improved highway and airport infrastructure on 
accessibility were modeled.  In addition, in both cases, improvements associated with 
access to international airports, and thus ease with which major national and international 
markets can be accessed were modeled. 
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Table E.2 Modifications to General Business Attraction Model for HST 
Analysis 

Factor Unique Feature Modification to BAM 
Modal Characteristics HST transports 

primarily people 
Industry dependence on business 
travel 

 Other modes transport 
people and freight 

Industry dependence on freight 
movements 

Local Area Characteristics Concentration of 
activity in Bay Area 

Develop production costs for each 
county in Bay Area and Northern 
Central Valley relative to San Francisco 

 Concentration of 
activity in Los Angeles 

Develop production costs for each 
county in Southern California and 
Southern Central Valley relative to Los 
Angeles 

Industry Sector Characteristics Cost competitiveness Off/plant and labor costs 
 Skill base Educational attainment levels 

 

For new business attraction, the analysis of HST and highway infrastructure effects pro-
ceeded in three steps: 

1. Estimation of labor, market, and airport accessibility numbers, with changes used to 
generate estimates of the overall increases in market size; 

2. Characterization of industry sector to estimate the potential of change on activity in 
each industry, based on the industry’s transportation and skill requirements; and 

3. Characterization of each county’s business environment to translate potential maxi-
mum industry sector growth into actual business attraction by county. 

In short, the process can be thought of as a matching between industry sector demands 
and county characteristics that yields estimates of business attraction by industry, county, 
and mode. 

Labor, Market, and Airport Accessibility 

Introduction of HST and improvements in highways and airports will increase access to 
labor and output markets.  For HST modeling, the increase in labor market accessibility 
was modeled by the increase in the number of workers (as proxied by total employment 
levels) within a 90-minute radius; for highway improvements, a 60-minute radius was 
used.  Different radii were used to reflect different valuations of time for commuters in 
each mode:  while HST commuters, can read, write, and work while commuting, highway 
users cannot.  The proportion of lost time will be higher for highway commuters and, 
accordingly, acceptable commute lengths lower. 
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In both alternatives, increased market access is modeled by the change in access to eco-
nomic activity (as proxied by total employment levels) within a 180-minute radius.  With 
improved market access, existing firms (that can be assumed to have already developed 
some competitive advantage) expand the potential market areas for their products.  These 
improvements translate into greater sales and employment for existing firms.  Thus, firms 
in counties like Los Angeles, with a broad and deep economic base already in place, are 
expected to experience growth in the size or range of functions by firms already located 
there as the effective market area expands.  At the same time, greater market access makes 
peripheral counties with less developed economic bases more attractive locations for the 
siting of new firms.  With improved access, smaller or more remote counties enjoy a 
greater effective market area and become more attractive than in the past vis-à-vis large 
economic centers like Los Angeles and San Francisco.  In this way, improved market 
access will be expected to increase the competitiveness of all sites relative to other loca-
tions in the U.S., while at the same time, improving the attractiveness of California 
counties that lie on the periphery of the existing industrial centers. 

The accessibility estimates were prepared in a GIS processor that used the travel time 
information prepared for the overall REMI Analysis (see Sections 2.0 and 3.0 of the main 
report).  The GIS processor determined, for each county, the other counties that could be 
reached within 90-minute and 180-minute time bands; this assessment was made sepa-
rately for business and non-business trips, each travel mode, and each system alternative 
and HST design option.  The time band information was then combined with the year 
2020 population and employment forecasts to estimate the total labor and business market 
access in each county (for each trip purpose, mode and alternative). 

Industry Sector Characteristics 

The effect of industry sector characteristics were modeled based on the intensity and type 
(i.e., the relative importance of freight shipments versus personnel movements) of trans-
portation requirements associated with each industry.  Intuitively, access to HST would 
seem to affect most strongly industries, such as legal services, finance, insurance, and 
management services that utilize transportation services primarily to move persons, (an 
assumption borne out by case studies of business attraction effects of HST in Europe, 
North America, and Asia).  Improvements in highways, on the other hand, will more 
strongly influence industries that utilize transportation services primarily to move freight, 
such as manufacturing, warehousing, and distribution firms. 

Industry estimates of freight versus personnel movement were developed based on typi-
cal business travel expenses calculated from national input/output coefficients from the 
U.S. Bureau of Economic Analysis.  Effects on different industry sectors will also be influ-
enced by the types of workers required by each industry.  In general, industries that 
require higher proportions of skilled and specialized labor benefit from improved labor 
market access more than those that rely more heavily on low-skilled workers.  To capture 
this effect, skill-intensity measures were developed for each industry based on the pro-
portions of production and non-production workers and average industry sector wages, 
as reported by the U.S. Department of Labor. 
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County Characteristics 

Two sets of county characteristics were developed: 

• Cost-competitiveness, based on local labor and office/plant/warehouse costs; and  

• Workforce characteristics, based on educational attainment levels of the population in 
each county.1 

For each county in the Bay Area and northern Central Valley, an overall indicator of cost 
competitiveness was determined by the costs of land and labor relative to San Francisco 
County; for counties in the southern Central Valley and Southern California, comparisons 
were made to Los Angeles County.  In conjunction with data on the baseline economic 
structure, i.e., employment levels by industry, in the comparator and other modeled 
counties, data on county characteristics provide a measure competitiveness of each county 
relative to the San Francisco and Los Angeles.  Combined with county-level accessibility 
measures, these data are used to estimate the shift in economic activity from the com-
parator counties to the outlying counties. 

Final Adjustments 

Firms are likely to value transportation improvements differently depending on the 
nature of the investment and whether initial improvements are likely to deteriorate over 
time.  HST investments represent a permanent change in transportation access, while 
highway related improvements (i.e., capacity increases or travel reduction due to diver-
sion to HST) are susceptible to deterioration over time.  In both cases, improvements in 
highway travel times may spur higher utilization of highways, thus diminishing some of 
the original congestion reduction.  No such effect is associated with HST, where travel 
times are largely unaffected by the number of persons using the system.  At the same time, 
investments in highway infrastructure are more easily discerned as leading to travel time 
improvements, and are also likely to be perceived as more permanent than those resulting 
from a reduction in the number of drivers.  To capture these perception effects on business 
location decisions, initial job creation estimates associated with highway infrastructure 
were weighted by a factor of 0.75, those associated with a decline in the number of drivers 
were weighted by a factor of 0.5, and those associated with HST were not modified (i.e., 
were weighted by a factor of 1.0). 

Adjustments were made to capture the likely “double-counting” of job creation estimates 
since a portion of new job creation in the counties affected by HST or highway improve-
ments will come at the expense of the major urban areas (i.e., the Bay Area counties and 

                                                      
1 Data on labor costs were taken from the County Business Patterns, U.S. Census Bureau; data on land and 

office costs were derived from county housing and rental costs from U.S. Census Bureau; county educational 
attainment levels were taken from U.S. Census Bureau. 
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Los Angeles County) and the California counties not affected by HST or highway 
improvements.  To capture this affect, it was assumed that: 

• A portion of the job creation in the northern Central Valley represents activities that, in 
the absence of HST and highway improvements, would have been sited in Bay Area 
counties; 

• A portion of job creation in the southern Central Valley represents activities that 
would have been sited in Los Angeles County; and 

• A portion of job creation in all affected counties represents activities that would have 
been sited in the “rest of state.” 

Adjustments for this “double-counting” required reducing initial job creation estimates for 
the Bay Area counties by 90 percent and reducing initial Los Angeles County estimates by 
50 percent.  After these adjustments were made, initial forecasts of employment estimates 
for the “rest of state” were reduced by an equivalent of 25 percent of the remaining 
employment impact to capture the likely shift in activity from counties not affected by 
HST and highway improvements to those that will be served by these improvements.  
Total employment impacts associated with new job creation were then phased in over a 
period of 10 years, to capture the lag between infrastructure improvements and firm 
responses and opportunities for siting new activities. 
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Appendix G.  Land Consumption 
Analysis for Employment 

The analytical process for estimating employment-related land consumption consisted of 
three main steps including development of a database of current employment density for 
every ZIP code, allocation of forecast employment to segments of the urbanized area 
around each station, and tabulation of resulting land consumption. 

The process began by classifying every ZIP code in the study area into subcounties associ-
ated with each station.  Subcounties are the basic area of influence assumed for each sta-
tion.  Where no single design option proposes more than one station in a county, the area 
of influence generally consists of the entire county.  Where multiple stations exist within a 
county, the county was divided along ZIP code boundaries into subcounties associated 
with each station.  For large counties with boundaries that extend well beyond 25 miles 
from the proposed alignment, such as Riverside County which extends east to the Arizona 
border, only the portion of the county within the study area was used.  By focusing on 
only those ZIP codes closest to the proposed HST alignment, the influence of development 
patterns typical of less densely populated portions of the State on the statistical analysis 
was minimized.  Furthermore, the study area boundary concentrates development 
impacts of HST generally within 25 miles of the corridor, which leads to more reliable 
results.  Figure G.1 shows the subcounties and the study area included in the analysis. 

Each subcounty is associated with one “prototype” based on the position of a potential 
station within the HST system and the nature of existing development patterns in the sub-
county.  Prototypes included: 

• Terminal (station at the end of a line in a major city downtown); 

• Urban (through station in a small city downtown or other densely urbanized area); 

• Suburban (through station in a lower density urbanized area); 

• Urban-outlying (through station in a city independent of a major metropolitan area, 
such as in the Central Valley); and 

• Rural (through station in a small rural community). 



 

Economic Growth Effects of the System Alternatives for the Program  
Environmental Impact Report/Environmental Impact Statement 

G-2 Cambridge Systematics, Inc. 

Figure G.1 Subcounties and Study Area 

 
 

Each subcounty is further subdivided into three subregions.  Subregions include: 

• Downtown (traditional central business district); 

• Infill (rest of currently urbanized area as defined by the U.S. Census); and 

• Other (undeveloped land located outside of the currently urbanized area). 

 G.1 Disaggregation of Statewide and Regional 
Employment Forecasts 

County-level employment forecasts by industry were allocated to subcounties based on 
the total current employment in the ZIP codes contained in each subcounty.  These disag-
gregation factors were based on the number of establishments by size class and industry 
as reported by the U.S. Census in its 1997 ZIP Code Business Patterns (CBP) data, adjusted 
to 2002 county control totals as reported by W&P. 
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 G.2 Development of Current Employment Density Profile 
Employment density was calculated by industry for each ZIP code in the study area.  
Employment by ZIP was based on the CBP data.  Employment land area was based on 
land use data provided by each jurisdiction in the study area.  Existing land available for 
employment uses was derived from the calculations of land zoned for employment by 
one-digit SIC for each ZIP code.  In counties for which no zoning data was available, the 
land available for each industry was calculated using average percentages of total land 
area available for each use.1  Different averages were used for each prototype-subregion 
combination to better reflect local conditions. 

Density profiles were developed for each of the 15 prototype-subregion combinations to 
represent the range of development patterns encountered across the study area.  Densities 
are expressed as employees per acre of land zoned for employment in each industry.  The 
profiles include densities in five percentile increments from the 0th to 100th.  Table G.1 
shows the median (50th percentile) density value for each industry and prototype-subre-
gion combination. 

The profile presents the range of densities encountered across the study area.  Assump-
tions were made based on the review of domestic and international experience about how 
station area development would intensify over time.  Major conclusions from the research 
translated into the following densification assumptions: 

• Expected development intensity of new real estate investment is assumed to be 50th 
percentile (median) at present in all areas, with normal ongoing infill and refill 
increasing intensity to 55th and 60th percentile by 2020 and 2035, respectively, in 
downtown and infill areas.  Other areas continue to develop at median intensity 
through 2035. 

• The No-Project and Modal Alternatives have no further development intensification 
effect in downtown, infill, or other areas. 

• The HST Alternative has no further intensification effect outside of the station influ-
ence area.  While it has been assumed the influence area generally extends in a one-
mile radius from a station, this distance can vary due to the ZIP code granularity of the 
analysis. 

                                                      
1 In Fresno, Kings, and Madera Counties, the land available was computed based on statewide 

average shares of total land area by prototype and subregion.  In Alameda, Contra Costa, Santa 
Clara, San Francisco, San Mateo, and Solano Counties, land available was computed based on 
statewide shares of total employment area by prototype and subregion using employment land 
area data provided by the Association of Bay Area Governments (ABAG).  These averages were 
derived from the calculations by ZIP for the rest of the state. 
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Table G.1 Median Employment Density by Industry 

Employment Density (Employees Per Acre) 

Subregion N
um

be
r o

f Z
IP

 C
od

es
 

in
 S

am
pl

e 

Fa
rm

in
g 

M
in

in
g 

C
on

st
ru

ct
io

n 

M
an

uf
ac

tu
ri

ng
 

TC
U

 

W
ho

le
sa

le
 

R
et

ai
l 

FI
R

E 

Se
rv

ic
es

 

G
ov

er
nm

en
t 

Terminal            
Downtown 29 0 0 23 35 36 13 30 72 112 366 
Infill 66 0 0 31 3 23 6 19 10 44 324 
Other 9 0 0 1 0 0 2 4 2 11 0 
Urban            
Downtown 32 0 0 68 35 14 13 20 63 62 405 
Infill 430 0 0 42 17 9 9 20 32 36 240 
Other 4 0 0 68 17 0 11 644 5 9 3 
Suburban            
Downtown 0           
Infill 167 0 0 56 14 4 8 22 49 26 222 
Other 16 0 0 15 0 1 0 6 4 16 23 
Outlying            
Downtown 11 0 2 49 2 4 4 26 7 50 781 
Infill 71 0 0 11 2 2 2 12 4 14 88 
Other 12 0 0 10 1 4 1 3 1 1 247 
Rural            
Downtown 0           
Infill 69 0 0 23 5 118 5 20 3 24 158 
Other 18 0 0 0 2 109 11 4 0 5 194 

Note: Development in suburban and rural downtowns is assumed to be the same as in their respective infill 
areas, because downtowns in these locations are generally not distinguishable from the rest of the 
urban area t the ZIP code level of geographic detail. 

• Under regular market forces, the HST Alternative is assumed to have a relatively 
benign intensification effect in station influence area by 2020 (60th percentile), with a 
larger relative effect by 2035 (75th percentile) reflecting the development lag time. 

• Experience elsewhere suggests that local and regional jurisdictions have an ability to 
further increase densities through reasonable land use regulation strategies when HST 
is present.  For this analysis, it has been assumed that a land use regulation strategy 
would have a densification effect within the station influence area that would achieve 
the 2035 “market forces” effect by 2020 through development incentives intended to 
jump start development before or immediately following HST service introduction.  
Continued policy encouraging higher density, mixed use development creates a criti-
cal mass of station area activity by 2035 (90th percentile). 
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Table G.2 summarizes the development density gradient of each alternative throughout 
the station subcounty. 

Table G.2 Density Gradient 

Percentile Value of Assumed Density  
for Subregion and Alternative 

Alternative 
Station  

Area 
Downtown 

Area 
Infill  
Area 

Other  
Area 

2002 Existing Conditions n/a 50 50 50 
2020 No-Project n/a 55 55 50 
2035 No-Project n/a 60 60 50 
2020 Modal n/a 55 55 50 
2035 Modal n/a 60 60 50 
2020 HST (Market Trends) 55 55 55 50 
2035 HST (Market Trends) 75 60 60 50 
2020 HST (Regulation) 65 55 55 50 
2035 HST (Regulation) 90 60 60 50 

Note: For HST Alternatives, subregions are defined as the rest of the No-Project subregion that is 
not included in the station area. 

 G.3 Allocation of Employment to Subregions and 
Calculation of Land Requirements 

Land consumption was computed for a subcounty by allocating future employment to 
each subregion in a step-wise fashion.  For the No-Project and Modal Alternatives, a sub-
county’s forecasted employment was first allocated to the downtown area.  The number of 
additional employees that could be accommodated in the downtown area is computed as 
the future carrying capacity of the subregion less the current employment in the subre-
gion.  The carrying capacity for each industry group is defined as the product of the acres 
of land available and the assumed employment density per acre based on the density gra-
dient.  If the current employment in the downtown area is greater than the assumed 
future carrying capacity, no additional employment was allocated.  Any employment not 
accommodated in the downtown area was assumed to overflow to the infill area.  The 
above process was then repeated for the infill area, with any remaining employment then 
assumed to overflow to the other area.  The other area employment (by industry) was 
divided by the appropriate employment density values to arrive at a land consumption 
estimate for each subcounty, with results then aggregated to the county level. 

The step-wise process was modified slightly for the HST Alternative, with employment 
allocation first occurring for the station influence area.  If the station is located in the 
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downtown subregion, employment was next allocated to the rest of the downtown area, 
then to the infill area.  If the station is located in the infill or other areas, employment was 
next allocated to the rest of the infill area, then to the downtown area.  In both cases, any 
remaining employment was allocated to the other area, as occurred for the No-Project and 
Modal Alternatives. 

 G.4 Tabulation of Results 

For this analysis, land consumption was defined as the increase in the acreage of land at 
urbanized densities in each county.  This value is equal to the land acreage in other areas 
that is needed to accommodate growth in employment and population.  The calculation of 
employment-related land consumption was described in the prior section, while the cal-
culation of population-related values is described in Appendix H. 



 

Appendix H 
Land Consumption Analysis for Population 
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Appendix H.  Land Consumption 
Analysis for Population 

The allocation of population growth to various locations along the HST system and the 
prediction of land consumption resulting from residential construction on raw land were 
estimated using the California Urbanization and Biodiversity Analyst, or CURBA.  
CURBA is a spatial decision support system developed within the ESRI ArcGIS software 
package by the University of California at Berkeley’s Institute of Urban and Regional 
Development. 

CURBA takes employment and population growth information and uses a number of 
historically-calibrated spatial statistical models to assign residential growth to various 
locations in and around the existing urban area.  By modifying CURBA’s employment 
distribution, infill allocation, and raw land development densities, the package was used 
to estimate the nature and amount of raw land consumption under the various alterna-
tives.  An overview of the CURBA forecasting methodology is illustrated in Figure H.1. 

 H.1 Calibration Phase 

The model begins by calibrating a spatial-statistical model of historical development pat-
terns (Step A).  Land use change information was obtained from the California Farmland 
Mapping and Monitoring Program (CFMMP), a division of the California Department of 
Conservation.  Through a combination of remote-sensing and local ground-truthing, the 
CFFMP conducts detailed bi-annual land cover inventories of urban development in 1988 
and 1998.  CFMMP data is generally accurate down to the one-hectare level. 

The calibrated model parameters are then used with contemporary spatial data to gener-
ate a development probability surface describing the likelihood that particular undevel-
oped sites will subsequently be developed (Step B).  Binomial logit models with four 
categories of independent variables were estimated using a maximum likelihood proce-
dure.  To better account for regional variations, four separate models were used, covering 
all counties in the HST study area.  Categories of independent variables include: 
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Figure H.1 CURBA Forecasting Methodology 

Forecasting PhaseForecasting Phase

Subtract Projected Infill 
and Redevelopment Shares

Project Future Growth 
Allocation Densities

Project County-Level 
Population Growth

Update Key Variables
and Iterate

Allocate Growth to 
Greenfield Areas

Calibration PhaseCalibration Phase

Project Future 
Development Probabilities 

by Site

Calibrate Historical 
Urban Growth Model

 
 

• Demand variables, which measure the demand for sites as a function of their accessi-
bility to job opportunities and job growth, as well local income levels, such as the 
number of jobs within 90-minute travel time of a grid cell and the ratio of community 
median household income to county median household income; 

• Own-site variables, which measure the physical and land use characteristics of each 
grid-cell as determinants of its development potential, such as the squared distance 
from each site to the nearest freeway, whether the site is classified as prime farmland 
by the CFMMP, the average percentage slope of each site, and whether the site falls 
within the FEMA-designated 100-year flood zone; 

• Adjacency and neighborhood variables, which summarize the environmental and land 
use characteristics of adjacent and neighboring grid-cells, such as the average slope of 
the cells within near each subject site, and the share of sites near the subject site which 
are located in the FEMA 100-year flood zone; and 
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• Regulatory and administrative variables, which are intended to capture the development-
encouraging or constraining effects of different land use policies and regulations, such 
as whether or not a site is located within an incorporated city. 

 H.2 Forecasting Phase 

As shown in Figure H.1, the forecasting process included five distinct steps.  The timing of 
development is predicted as a function of State and county population growth pressures 
(Step 1), the share of population accommodated through infill development (Step 2), and 
the density at which development occurs (Step 4).  Projected population growth, net of 
infill, is then allocated to allowable development sites in order of their projected develop-
ment probability (from Step B) at designated development densities.  Once a future 
allocation has been completed (e.g., for the 2000-2020 period), infill rates, densities, and 
development probabilities are updated to reflect any intervening changes.  The model is 
then run again (Steps 1 through 5) for subsequent periods.  The county-level population 
forecasts were developed as part of an earlier phase of this overall project, and are 
described in Section 3.0 of the main report.  Remaining steps are described in more detail 
below. 

Infill and Redevelopment Shares 

Projected infill and redevelopment shares were subtracted to reflect the fact that a signifi-
cant share of projected population growth will occur within the existing urban footprint in 
the form of infill or redevelopment.  Infill shares tend to rise over time as remaining un-
developed areas are used up and as developers reconsider previously passed-over infill 
lands.  A cross-sectional regression model was developed relating current county infill 
shares to remaining supplies of undeveloped land.  This model was then used to project 
future population shares in infill and currently undeveloped areas for the years 2020 and 
2035. 

Future Growth Allocation Densities 

The amount of undeveloped land consumed by future population growth will depend 
both on the magnitude of growth and on its gross density.  Marginal gross densities – that 
is the gross densities of new development – were estimated for each county by dividing 
the change in the population between 1988 and 1998 by the change in urbanized land area 
for the same period.  Theory suggests that densities should rise as available supplies of 
undeveloped land are used up, as developers seek to use remaining lands more intensely.  
A cross-sectional regression model was developed relating marginal densities to remaining 
supplies of undeveloped land.  This model was then used to project future allocation den-
sities by county for the years 2020 and 2035.  These county-specific estimates are then con-
verted into hectare-specific densities using a rule set reflecting the manner in which 
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General Plans and zoning measures modify allowable densities of development in regards 
to regional location and natural factors. 

Allocate Growth to Currently Undeveloped Areas 

Remaining population growth was allocated to undeveloped sites in each region in order 
of development probability.  Starting with the hectare-scale development probability 
scores derived above, a series of exclusion conditions are developed identifying which 
sites are to be precluded from development.  Projected population growth (from Step 2) 
for the period 2000-2020 is then allocated to sites at projected densities (from Step 3) in 
order of development probability (from high to low), subject to any exclusion conditions. 

Update and Reiterate 

Key variables were updated to reflect projected employment growth and allocated popu-
lation growth.  Steps 4 and 5 were iterated for the period 2020-2035.  Thanks to the ana-
lytical power of GIS, different forecasting steps could be undertaken at different spatial 
scale and then reconciled.  Population growth, infill shares, and initial allocation densities, 
for example, were all identified and projected (Steps 1, 2, and 3) at the county level.  
Development probability scores and actual allocation densities, on the other hand, were 
estimated for individual one-hectare sites, accounting for differences among counties and 
regions.  Employment projections, an input into the allocation procedure (Step 4) were 
developed for individual job centers.  Distance to city boundaries, another input into the 
allocation procedure, were estimated and updated for incorporated cities. 

 H.3 Key Assumptions  

Several assumptions are embedded in the employment and residential land requirements 
forecasting procedures and their components: 

• The same factors that shaped land development patterns in the recent past will con-
tinue to do so in the future, and in the same ways.  With the exception of the immedi-
ate area around HST stations, the employment forecasting procedure allocates future 
growth to subregions of each metropolitan area based on existing development pat-
terns observed around the State and areas currently designated for employment uses.  
The residential forecasting procedure allocates future development to individual sites 
based on their projected development probability, which are estimated using the 
results of a statistical model calibrated for the period 1988 to 1998.  While the exact role 
of particular factors varies by region, several influences are consistently important, 
including proximity to freeways, access to jobs, site slope, and site incorporation 
status.  To the extent that these factors are less important in the future, or are important 
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in different ways – or, as is even more likely, that other factors become important – the 
model results will vary widely than what is presented here. 

• Employment will continue decentralizing within California’s four major urban 
regions – Southern California, the greater San Francisco Bay Area, the Sacramento 
region, and the southern San Joaquin Valley.  Taking advantage of improved freeway 
access, less expensive land, and lower development costs, job growth during the last 
50 years has favored suburban locations over core cities.  To the extent that this trend 
continues – given the increasing importance of telecommunications in shaping eco-
nomic geography, and in the absence of countervailing policies, there is no reason to 
believe that it should not – decentralizing job growth will continue to pull population 
outward, leading to more decentralized growth patterns. 

• Average infill rates and population densities will increase with additional develop-
ment.  It is an axiom of economics that scarce resources are used more intensely than 
plentiful ones.  Following this logic, as available supplies of developable land are used 
up, developers seek ways to use remaining land more intensely, either by increasing 
densities or through redevelopment.  Thus, both development densities and infill 
activity should increase with population growth.  Counteracting this tendency is the 
desire of many residents to preserve a rural or suburban lifestyle.  Thus, there are 
many parts of California where infill activity and development densities are below 
what theory suggests they should be.  For the purposes of analyzing all alternatives, it 
is assumed that future infill activity and development densities will continue to 
increase.  To the extent that they do not, additional sites will be needed to accommo-
date projected population growth. 

• With respect to the No-Project Scenario, it is assumed that no major changes in trans-
portation accessibility (e.g., new freeways or transit lines, significant improvements in 
travel time, etc.) will occur.  Although it is abundantly clear that California’s growing 
population will need additional transportation infrastructure, it is unclear what the 
infrastructure should be, where it should go, and how it should be planned and 
financed.  Lacking these specifics, and for the purposes of constructing a No-Project 
scenario, we assumed no change in transportation technology or facilities beyond 
what is currently available or included in the No-Project Alternative.  The effect of this 
assumption is to direct additional growth largely to locations already served by trans-
portation infrastructure rather than to new or different areas. 
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Appendix J.  Employment 
Allocation Within Counties 

Table J.1 Employment Allocation by Subregion 
Year 2020 

Percentage of Total County Employment by Subregion 
No-Project Alternative Modal Alternatives 

County 
Station 

Area 
Downtown 

Area 
Infill 
Area Other Area 

Station 
Area 

Downtown 
Area 

Infill 
Area 

Other 
Area 

Alameda - - 84% 16% - - 84% 16% 
Contra Costa - - 76% 24% - - 76% 24% 
San Francisco - 53% 33% 14% - 53% 33% 14% 
San Mateo - 4% 82% 14% - 4% 81% 14% 
Santa Clara - 19% 63% 19% - 19% 62% 19% 
Solano - - 82% 18% - - 78% 22% 
Bay Area* - 16% 67% 17% - 16% 67% 18% 
Madera - - 82% 18% - - 82% 18% 
Merced - - 99% 1% - - 99% 1% 
Sacramento - 23% 60% 17% - 23% 60% 17% 
San Joaquin - - 84% 16% - - 84% 16% 
Stanislaus - - 71% 29% - - 70% 30% 
Yolo - - 79% 21% - - 79% 21% 
North Central 
Valley* 

- 11% 71% 18% - 11% 71% 18% 

Fresno - 16% 63% 21% - 16% 62% 22% 
Kern - 19% 53% 28% - 19% 52% 28% 
Kings - - 78% 22% - - 78% 22% 
Tulare - - 80% 20% - - 80% 20% 
South Central 
Valley* 

- 14% 63% 23% - 13% 63% 24% 

Los Angeles - 15% 70% 15% - 15% 69% 16% 
Orange - - 76% 24% - - 75% 25% 
Riverside - 10% 76% 13% - 10% 76% 14% 
San Bernardino - 8% 86% 6% - 8% 86% 6% 
San Diego - 10% 66% 23% - 10% 66% 24% 
Southern 
California* 

- 9% 72% 18% - 9% 72% 19% 

Influence Area 
Totals 

- 12% 70% 18% - 11% 70% 19% 

Source:  Cambridge Systematics, Inc., 2003. 
* Only includes counties within a region that have a high-speed train station with the HST Alternative, or 

highway or aviation improvements within the Modal Alternative. 
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J-2 Cambridge Systematics, Inc. 

Table J.1 Employment Allocation by Subregion (continued) 
Year 2020 

Percentage of Total County Employment by Subregion 

HST (base alignment) – Market Trends 
HST (base alignment) – Land Use 

Sensitivity 

County 
Station 

Area 
Downtown 

Area 
Infill 
Area Other Area 

Station 
Area 

Downtown 
Area 

Infill 
Area 

Other 
Area 

Alameda - - 84% 16% - - 84% 16% 
Contra Costa - - 76% 24% - - 76% 24% 
San Francisco 57% - 29% 15% 57% - 29% 15% 
San Mateo 22% - 62% 16% 25% - 62% 13% 
Santa Clara 11% 12% 59% 18% 12% 11% 59% 18% 
Solano - - 75% 25% - - 75% 25% 
Bay Area* 16% 4% 62% 18% 17% 4% 62% 17% 
Madera - - 82% 18% - - 82% 18% 
Merced 50% - 49% 1% 56% - 43% 1% 
Sacramento 10% 14% 59% 18% 12% 13% 59% 16% 
San Joaquin 17% - 69% 14% 17% - 69% 14% 
Stanislaus 26% - 47% 27% 26% - 47% 27% 
Yolo 19% - 68% 13% 20% - 68% 12% 
North Central 
Valley* 

16% 7% 60% 17% 18% 6% 60% 16% 

Fresno 7% 14% 57% 23% 7% 14% 57% 22% 
Kern 19% - 52% 28% 20% - 52% 28% 
Kings - - 77% 23% - - 77% 23% 
Tulare 1% - 80% 19% 2% - 80% 18% 
South Central 
Valley* 

9% 7% 60% 24% 9% 7% 60% 24% 

Los Angeles 8% 11% 66% 15% 9% 11% 65% 14% 
Orange - - 75% 25% - - 75% 25% 
Riverside 22% 4% 61% 13% 27% 4% 57% 12% 
San Bernardino 12% 8% 74% 6% 15% 8% 72% 6% 
San Diego 11% 5% 61% 23% 13% 5% 61% 22% 
Southern 
California* 

8% 6% 67% 18% 9% 6% 67% 18% 

Influence Area 
Totals 

11% 6% 65% 18% 12% 6% 64% 18% 

Source:  Cambridge Systematics, Inc., 2003. 
* Only includes counties within a region that have a high-speed train station with the HST Alternative, or 

highway or aviation improvements within the Modal Alternative. 
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Cambridge Systematics, Inc. J-3 

Table J.2 Employment Allocation by Subregion 
Year 2035 

Percentage of Total County Employment by Subregion 
No-Project Alternative Modal Alternatives 

County 
Station 

Area 
Downtown 

Area 
Infill 
Area Other Area 

Station 
Area 

Downtown 
Area 

Infill 
Area Other Area 

Alameda - - 83% 17% - - 82% 18% 
Contra Costa - - 72% 28% - - 72% 28% 
San Francisco - 49% 31% 19% - 49% 31% 20% 
San Mateo - 4% 78% 18% - 4% 78% 18% 
Santa Clara - 19% 59% 22% - 19% 58% 23% 
Solano - - 81% 19% - - 78% 22% 
Bay Area* - 15% 64% 21% - 15% 64% 21% 
Madera - - 52% 48% - - 51% 49% 
Merced - - 72% 28% - - 72% 28% 
Sacramento - 23% 54% 23% - 23% 54% 24% 
San Joaquin - - 73% 27% - - 73% 27% 
Stanislaus - - 55% 45% - - 54% 46% 
Yolo - - 66% 34% - - 66% 34% 
North Central 
Valley* 

- 10% 60% 30% - 10% 60% 30% 

Fresno - 14% 58% 28% - 14% 57% 29% 
Kern - 17% 47% 36% - 16% 46% 38% 
Kings - - 70% 30% - - 70% 30% 
Tulare - - 71% 29% - - 71% 29% 
South Central 
Valley* 

- 12% 57% 31% - 12% 56% 32% 

Los Angeles - 14% 64% 22% - 14% 64% 22% 
Orange - - 72% 28% - - 72% 28% 
Riverside - 9% 77% 14% - 9% 77% 14% 
San Bernardino - 7% 88% 5% - 7% 88% 5% 
San Diego - 10% 63% 27% - 10% 62% 28% 
Southern 
California* 

- 9% 69% 23% - 9% 68% 23% 

Influence Area 
Totals 

- 11% 66% 24% - 11% 65% 24% 

Source:  Cambridge Systematics, Inc., 2003. 
* Only includes counties within a region that have a high-speed train station with the HST Alternative, or 

highway or aviation improvements within the Modal Alternative. 
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J-4 Cambridge Systematics, Inc. 

Table J.2 Employment Allocation by Subregion (continued) 
Year 2035 

Percentage of Total County Employment by Subregion 

HST (base alignment) – Market Trends 
HST (base alignment) – Land Use 

Sensitivity 

County 
Station 

Area 
Downtown 

Area 
Infill 
Area Other Area 

Station 
Area 

Downtown 
Area 

Infill 
Area Other Area 

Alameda - - 82% 18% - - 82% 18% 
Contra Costa - - 72% 28% - - 72% 28% 
San Francisco 53% - 27% 20% 54% - 27% 19% 
San Mateo 25% - 58% 18% 29% - 58% 14% 
Santa Clara 13% 11% 55% 21% 19% 10% 54% 16% 
Solano - - 74% 26% - - 74% 26% 
Bay Area* 17% 4% 59% 21% 19% 3% 59% 18% 
Madera - - 51% 49% - - 51% 49% 
Merced 40% - 33% 27% 44% - 29% 27% 
Sacramento 13% 12% 52% 23% 19% 12% 52% 17% 
San Joaquin 13% - 61% 26% 14% - 60% 26% 
Stanislaus 21% - 36% 43% 21% - 36% 43% 
Yolo 20% - 55% 25% 22% - 55% 23% 
North Central 
Valley* 

16% 6% 50% 29% 20% 5% 49% 26% 

Fresno 6% 12% 53% 29% 6% 12% 53% 29% 
Kern 18% - 44% 38% 21% - 44% 35% 
Kings - - 69% 31% - - 69% 31% 
Tulare 2% - 71% 27% 7% - 71% 23% 
South Central 
Valley* 

9% 6% 54% 31% 10% 6% 54% 30% 

Los Angeles 10% 10% 59% 20% 12% 10% 58% 20% 
Orange - - 72% 28% - - 72% 28% 
Riverside 27% 4% 57% 13% 32% 4% 52% 12% 
San Bernardino 13% 7% 75% 5% 17% 7% 71% 5% 
San Diego 13% 4% 58% 25% 19% 4% 55% 21% 
Southern California* 10% 6% 63% 22% 13% 6% 61% 20% 
Influence Area 
Totals 

12% 5% 60% 23% 15% 5% 59% 21% 

Source:  Cambridge Systematics, Inc., 2003. 
* Only includes counties within a region that have a high-speed train station with the HST Alternative, or 

highway or aviation improvements within the Modal Alternative. 
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Cambridge Systematics, Inc. K-1 

Appendix K.  Land Consumption 
Allocation by Employment and 
Residential Components 

Table K.1 Increase in Size of Urbanized Areas for Residential Land Uses 
(Acres) – Year 2002 to 2020 

   HST Design Options 

County 
No-

Project Modal 
HST 
Base Palmdale 

Diablo 
Direct 

East 
Bay Irvine 

Outlying 
Stations 

Alameda 11,978 12,246 12,619 12,457 12,596 12,619 12,603 12,619 
Contra Costa 8,422 8,548 8,740 8,672 8,670 8,740 8,732 8,740 
San Francisco – – – – – – – – 
San Mateo 2,075 2,164 2,221 2,211 2,213 2,221 2,214 2,221 
Santa Clara 8,227 8,352 9,745 9,543 9,722 9,745 9,698 9,745 
Solano 12,038 12,111 12,240 12,230 12,240 12,240 12,231 12,240 
Bay Area* 42,740 43,420 45,565 45,113 45,440 45,565 45,478 45,565 
Madera 12,046 12,061 11,845 11,845 11,850 11,845 11,845 11,845 
Merced 12,021 12,055 13,343 13,338 13,348 13,343 13,341 13,343 
Sacramento 20,991 21,073 20,236 20,219 20,244 20,236 20,236 20,236 
San Joaquin 28,056 28,228 26,899 26,923 26,909 26,899 26,896 26,899 
Stanislaus 9,242 9,265 9,486 9,009 9,468 9,486 9,018 9,486 
Yolo 4,641 4,649 4,607 4,604 4,607 4,607 4,607 4,607 
North Central 
Valley* 

86,998 87,331 86,416 85,937 86,426 86,416 85,943 86,416 

Fresno 22,049 22,511 21,409 21,402 21,409 21,409 21,386 21,409 
Kern 48,169 48,310 53,885 53,883 53,885 53,885 53,839 53,885 
Kings 6,694 6,719 7,136 7,136 7,136 7,136 7,133 7,136 
Tulare 20,798 20,819 21,067 21,054 21,067 21,067 21,064 21,067 
South Central 
Valley* 

97,711 98,359 103,498 103,474 103,498 103,498 103,422 103,257 

Los Angeles 20,934 21,342 20,317 20,299 20,317 20,317 20,293 20,317 
Orange 12,384 12,701 11,983 11,971 11,983 11,983 11,997 11,983 
Riverside 125,413 125,859 120,782 120,759 120,777 120,782 120,760 120,782 
San Bernardino 124,015 124,495 127,335 127,055 127,329 127,335 127,310 127,335 
San Diego 70,627 72,387 70,751 70,668 70,734 70,751 70,652 70,751 
Southern 
California* 

353,374 356,784 351,168 350,752 351,141 351,168 351,012 351,168 

Influence Area 
Totals" 

580,824 585,894 586,646 585,277 586,505 586,646 585,855 586,406 

Source:  Cambridge Systematics, Inc., 2003. 
*Only includes counties within a region that have a high-speed train station with the HST Alternative, or 
highway or aviation improvements within the Modal Alternative. 
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K-2 Cambridge Systematics, Inc. 

Table K.2 Increase in Size of Urbanized Areas for Employment Land 
Uses (Acres) – Year 2002 to 2020 

    HST Design Options 

County 
No-

Project Modal 
HST 
Base Palmdale 

Diablo 
Direct 

East 
Bay Irvine 

Outlying 
Stations 

Alameda 9,009 9,308 9,428 9,407 9,438 8,852 9,434 9,428 
Contra Costa 6,138 6,348 6,467 6,452 6,466 6,467 6,472 6,467 
San Francisco 3,414 3,546 3,762 3,747 3,762 3,756 3,759 3,762 
San Mateo 4,410 4,591 5,133 5,119 5,129 5,122 5,121 5,133 
Santa Clara 9,798 9,982 9,524 9,509 8,815 9,526 9,522 9,524 
Solano 492 734 957 937 956 957 958 957 
Bay Area* 33,260 34,509 35,271 35,172 34,567 34,680 35,266 35,271 
Madera 240 244 254 254 255 254 254 254 
Merced – – – – – – – – 
Sacramento 3,274 3,368 3,711 3,706 3,716 3,711 3,718 3,711 
San Joaquin 16,422 17,072 13,555 13,605 13,562 13,555 13,551 13,555 
Stanislaus 6,393 6,550 4,700 4,695 4,695 4,700 4,696 5,796 
Yolo 847 855 382 381 382 382 383 382 
North Central 
Valley* 

27,175 28,089 22,603 22,641 22,612 22,603 22,602 23,699 

Fresno 19,119 20,119 20,960 20,930 20,944 20,960 20,946 20,960 
Kern 8,236 8,399 8,557 8,562 8,564 8,557 8,556 8,290 
Kings 458 472 484 484 484 484 484 484 
Tulare 2,281 2,308 2,223 2,209 2,222 2,223 2,222 2,149 
South Central 
Valley* 

30,095 31,297 32,224 32,185 32,215 32,224 32,209 31,885 

Los Angeles 24,647 25,803 23,728 23,765 23,711 23,728 24,184 23,728 
Orange 30,405 31,307 31,143 31,106 31,132 31,143 30,403 31,143 
Riverside 8,828 9,071 8,630 8,617 8,627 8,630 8,622 8,630 
San Bernardino 2,528 2,580 2,485 2,482 2,484 2,485 2,483 2,485 
San Diego 26,496 27,610 26,832 26,787 26,814 26,832 26,792 35,487 
Southern 
California* 

92,904 96,371 92,818 92,757 92,768 92,818 92,483 101,472 

Influence Area 
Totals 

183,434 190,266 182,916 182,755 182,161 182,325 182,560 192,327 

Source:  Cambridge Systematics, Inc., 2003. 
*Only includes counties within a region that have a high-speed train station with the HST Alternative, or 
highway or aviation improvements within the Modal Alternative. 
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Cambridge Systematics, Inc. K-3 

Table K.3 Increase in Size of Urbanized Areas for Residential Land Uses 
(Acres) – Year 2002 to 2035 

HST Design Options 

County 
No-

Project Modal 
HST 
Base Palmdale 

Diablo 
Direct East Bay Irvine 

Outlying 
Stations 

Alameda 19,383 19,979 20,596 20,405 20,628 20,596 20,622 20,596 
Contra Costa 13,475 13,837 14,323 14,260 14,331 14,323 14,350 14,323 
San Francisco – – – – – – – – 
San Mateo 4,026 4,222 4,479 4,452 4,472 4,479 4,483 4,479 
Santa Clara 35,154 36,262 39,369 38,376 39,085 39,369 39,468 39,369 
Solano 20,779 21,091 21,551 21,484 21,555 21,551 21,583 21,551 
Bay Area* 92,816 95,392 100,318 98,978 100,071 100,318 100,506 100,318 
Madera 23,253 23,364 21,589 21,582 21,604 21,589 21,588 21,589 
Merced 24,252 24,530 25,500 25,488 25,519 25,500 25,501 25,500 
Sacramento 36,039 36,871 40,325 39,701 39,834 40,325 40,407 40,325 
San Joaquin 51,978 53,389 50,155 50,341 50,190 50,155 50,159 50,155 
Stanislaus 33,031 33,678 31,785 31,695 31,273 31,785 31,694 31,700 
Yolo 10,481 10,595 10,298 10,286 10,298 10,298 10,305 10,298 
North Central 
Valley* 

179,035 182,428 179,652 179,094 178,719 179,652 179,654 179,567 

Fresno 59,221 60,217 59,197 59,157 59,194 59,197 59,208 59,197 
Kern 98,137 98,702 103,067 103,067 103,067 103,067 103,056 105,021 
Kings 13,367 13,409 14,640 14,640 14,640 14,640 14,643 14,640 
Tulare 45,229 45,295 45,309 44,205 45,309 45,309 45,310 44,368 
South Central 
Valley* 

215,953 217,624 222,214 221,070 222,211 222,214 222,218 222,789 

Los Angeles 80,429 86,075 87,431 87,277 87,407 87,431 87,365 87,431 
Orange 18,962 18,194 16,785 16,760 16,785 16,785 16,893 16,785 
Riverside 250,186 282,888 274,624 274,556 274,614 274,624 274,607 274,624 
San Bernardino 256,204 257,498 257,614 257,486 257,600 257,614 257,589 257,614 
San Diego 136,894 142,303 138,651 137,778 138,615 138,651 138,526 138,651 
Southern 
California* 

742,675 786,958 775,104 773,857 775,020 775,104 774,980 775,104 

Influence Area 
Totals 

1,230,479 1,282,402 1,277,289 1,272,998 1,276,020 1,277,289 1,277,357 1,277,779 

Source:  Cambridge Systematics, Inc., 2003. 
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K-4 Cambridge Systematics, Inc. 

Table K.4 Increase in Size of Urbanized Areas for Employment Land 
Uses (Acres) – Year 2002 to 2035 

   HST Design Options 

County 
No-

Project Modal 
HST 
Base Palmdale 

Diablo 
Direct East Bay Irvine 

Outlying 
Stations 

Alameda 9,904 10,235 10,381 10,357 10,392 9,408 10,391 10,381 
Contra Costa 7,675 7,912 8,085 8,066 8,085 8,085 8,100 8,085 
San Francisco 4,644 4,804 5,068 5,050 5,069 5,062 5,067 5,068 
San Mateo 5,623 5,839 5,919 5,901 5,915 5,908 5,908 5,919 
Santa Clara 12,532 12,858 11,554 11,535 10,840 11,556 11,555 11,554 
Solano 585 942 1,326 1,294 1,328 1,326 1,343 1,326 
Bay Area* 40,963 42,591 42,332 42,203 41,628 41,344 42,363 42,332 
Madera 417 428 486 486 501 486 489 486 
Merced – – – – – – – – 
Sacramento 4,702 4,848 5,045 5,039 5,056 5,045 5,058 5,045 
San Joaquin 16,422 17,072 13,555 13,605 13,562 13,555 13,551 13,555 
Stanislaus 8,537 8,863 6,351 6,331 6,334 6,351 6,335 7,447 
Yolo 1,051 1,064 382 381 382 382 383 382 
North Central 
Valley* 

31,129 32,276 25,819 25,843 25,835 25,819 25,816 26,915 

Fresno 30,710 32,447 33,329 33,267 33,295 33,329 33,316 33,329 
Kern 11,425 12,236 12,315 12,327 12,331 12,315 12,326 12,065 
Kings 730 767 791 789 789 791 789 791 
Tulare 4,192 4,241 3,876 3,853 3,875 3,876 3,875 3,288 
South Central 
Valley* 

47,057 49,692 50,311 50,236 50,290 50,311 50,306 49,559 

Los Angeles 38,906 40,527 32,631 32,774 32,621 32,631 33,846 32,631 
Orange 35,594 36,888 36,682 36,665 36,677 36,682 33,134 36,682 
Riverside 10,706 11,045 9,962 9,956 9,961 9,962 9,958 9,962 
San Bernardino 2,528 2,580 2,485 2,482 2,484 2,485 2,483 2,485 
San Diego 32,811 35,084 31,079 31,050 31,067 31,079 31,052 42,586 
Southern 
California* 

120,545 126,124 112,839 112,926 112,809 112,839 110,473 124,346 

Influence Area 
Totals 

239,693 250,682 231,301 231,208 230,562 230,314 228,958 243,153 

Source:  Cambridge Systematics, Inc., 2003. 
*Only includes counties within a region that have a high-speed train station with the HST Alternative, or 
highway or aviation improvements within the Modal Alternative. 


